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Total intracardiac repair of the adult
cyanotic tetralogy of Fallot:
Clinical experience and late follow-up

Alan S. Trimble, m.d., John E. Morch, m.d., Gordon M. Froggatt, m.b. and
Fouad N. Metni, m.d., Toronto

Summary: Twentu-seven adult patients with the cyanotic type of tetral¬
ogy of fallot had total intracardiac repair during the past five years at
the Toronto General Hospital. Twenty-one of 27 patients (77%) had had
a previous shunting operation performed five to 21 years prior to the total
intracardiac repair. Seventeen of 21 (81%) of these anastomoses were
patent at the time of the total intracardiac repair. The hospital mortality
was 11% and was attributable to hemorrhage . a well-recognized prob¬
lem in adult tetralogy, due to excessive collateral circulation. AU 24
surviving patients followed up from six months to poe years showed
marked dinical improvement, with disappearance of the cyanosis and
reduction in acne and clubbing. Permanent heart block has not occurred.
Late hemodynamic studies showed a significant persisting shunt in two
out of 16 or 12%.

Since Lillehei's first description 15
years ago of total intracardiac re¬

pair for the tetralogy of Fallot,1
numerous reports of the early and
late results in mixed series of pa¬
tients have become available.2"12
Few of these have concentrated on
the truly cyanotic form of this com¬

plex anomaly in the group over
16 years of age.13,14

Is the surgical risk comparable
in the child and adult? What is
the duration of the long-term effect
of previous palliative operations?
Are the late results of intracardiac
repair in the adult as satisfactory
as in childhood? To answer these
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questions this review of 27 consecu¬
tive adult patients operated upon
at the Toronto General Hospital
was undertaken.

Materials and methods (Table I)
J. Clinical material
Over the past five years, 27 pa¬
tients between the ages of 16 and
48 years have undergone total
intracardiac repair for tetralogy of
Fallot. Five were under 20 and
four were over 30 years of age.
The majority (18) presented in the
third decade. Most worked or at¬
tended school, but led socially and
physically restricted lives because
of fatigue and cyanosis at rest or
on exercise. Clubbing was demon¬
strable in 20, and about half the
patients had hemoglobin levels over
20 g. per 100 ml. at the time of
intracardiac repair.

2. Previous palliative operations
Twenty-one patients (77%) under¬
went some form of palliative opera¬
tion between the ages of 2 and 15
years. One had a Brock procedure15
and one a functioning Pott's16
anastomosis for 16. years. Single
Blalock-Taussig17 shunts had been
performed in 15 patients, and four
had had bilateral Blalock proce¬
dures. Seventeen of these 21 shunts
(81%) performed eight to 20 years
earlier were still functioning at
the time of total correction. Of
the four bilateral Blalock proce¬
dures, the first operation had been
undertaken between the ages of
2 and 5 years and one functioned
for 21 years. The second operation
was carried out between 8 and 13
years of age, and the shunt remain¬
ed open in all patients for 8 to
14 years.

3. Anatomical findings
All patients had large ventricular
septal defects below the level of
the crista supraventricularis, meas¬

uring 1.5 to 2.5 cm. in diameter.
In one patient the defect extended
to the annulus between the pul¬
monary and aortic valves. In
another there was an associated
"Swiss cheese" defect near the apex
of the septum. Aortic insufficiency
due to prolapse of the non-coro-

nary cusp into the ventricular
septal defect complicated a third.
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The level of obstruction in the
right ventricular outflow tract and
the size of the pulmonary valve
annulus and pulmonary artery
proved important. Seventeen pa¬
tients had localized fibromuscular
infundibular stenosis with a distal
thin-walled infundibular chamber.
Two of them had additional valvu¬
lar. stenosis, but all had a pulmo¬
nary annulus and distal pulmonary
artery greater than 15 mm. in dia¬
meter.
The other 10 patients had dif¬

fuse, tubular hypertrophy right up
to the pulmonary annulus with no
infundibular chamber. In three the
ring and distal artery measured 8
to 12 mm. in diameter. The other
seven patients had varying degrees
of valvular stenosis, with the an¬
nulus and distal artery measuring
10 to 18 mm. in diameter. All pa¬
tients had developed severe sec¬

ondary hypertrophy of the body of
the right ventricle below the level
of obstruction.

4. Operative technique
Through a median sternotomy, the
patency of any previous shunting

procedure was confirmed by
palpation. The Pott's anastomosis
was closed from inside the left
pulmonary artery, utilizing deep
hypothermia and temporary inter-
ruption of cardiac bypass. All Bla¬
lock shunts were isolated prior to
bypass by dissection along the aor¬

tic arch or innominate artery to
isolate the appropriate subclavian
vessel.2 This technique avoided
complications resulting from dis¬
section in the area of dense adhe-
sions about the anastomosis itself.

Total cardiopulmonary bypass
was instituted once the anatomy
had been confirmed. Over the past
IJ2 years, low volume prime, a dis¬
posable bubble oxygenator and nor-

mothermia have been utilized.
Operation during this time has
been simplified by anoxic normo-
thermic cardiac arrest.

Through a transverse ventriculo¬
tomy,18 avoiding any major or aber-
rant coronary arteries, an extensive
ventricular resection19 was begun,
concentrating on the anterior and
lateral margins of the outflow tract.
Muscle excision proved simplest
in those patients with an isolated
infundibular chamber. In those
with diffuse tubular hypertrophy it
was always extended to the level
of the valve ring. Portions of the
fibrous thickening were removed
from the posterior or cristal portion
of the outflow tract, carefully
avoiding perforation of the aortic
sinus of Valsalva. Areas of the sep¬
tum were also excised but super-
ficially, to minimize laceration of
the septal artery or perforation of
the septum. Extensive resection of
muscle from the body of the right
ventricle, while avoiding the origin
of papillary muscles, completed
the creation of an adequate out¬
flow tract.
When exposure of the pulmonary

valve from below proved difficult,
it was exposed from above through
a pulmonary arteriotomy. Commis-
sural incision was accomplished by
direct vision in all instances of
valvular stenosis. In those patients
with narrow pulmonary valve an¬

nulus with or without stenosis, an
incision was carried into the valve
ring and followed by digital dila¬
tation to produce a certain "give
and stretching" of the ring. In no
case was a pulmonary outflow
patch inserted despite the small

size of the pulmonary valve annu¬

lus, nor were residual outflow tract
gradients measured on the operat¬
ing table.

Closure of the ventricular septal
defect then followed, using a
woven Teflon patch and interrupt¬
ed pledgetted mattress sutures.
Care was taken to incorporate the
annulus of the septal leaflet of
the tricuspid valve and only the
right side of the ventricular sep¬
tum up to the papillary muscle of
the conus to avoid the conduction
bundle.
One patient underwent concomi-

tant aortic valve replacement be¬
cause of associated aortic insuffi¬
ciency prior to operation.

Results (Table II)
A. Mortality
There were three hospital deaths.
Postoperative hemorrhage was a

major complicating factor in all
three. Earlier exploration in two
might have changed the outcome.
The third, a severely cyanotic pa¬
tient, developed a generalized
bleeding tendency with coagula¬
tion abnormalities that proved im¬
possible to correct. It was confirm¬
ed at postmortem examination
that in all three patients the car¬
diac repair had been adequate.

TABLE n
Mortality and complications

No.of
patients %

Total number of patients 27 100
Mortality 3 11
Postoperative hemorrhage 13 48
Permanent heart block 0 0

B. Complications
(1) Operative
(a) Hemorrhage . The develop¬
ment of excessive collateral blood
flow necessitated meticulous hemo¬
static technique with suture and
cautery prior to and after cardio¬
pulmonary bypass. Excessive bron¬
chial flow obhterating the operative
field during repair was alleviated
by venting the left ventricle.
(b) Heart block . No patient de¬
veloped heart block, but right ven¬
tricular epicardial electrodes were

always inserted as a precautionary
measure.
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(2) Postoperative
(a) Hemorrhage . Postoperative
bleeding proved a problem in near¬

ly one-half of these patients, neces-

sitating early re-exploration. In
most cases an actively bleeding col¬
lateral vessel was found and con¬
trolled.
Some patients had demonstrable

pre- and postoperative coagulation
abnormalities, the most frequent of
these being fibrinolysis. When
demonstrated by postoperative
studies, any such abnormality was

managed by appropriate medica¬
tion.
(b) Respiratory insufficiency .

Many patients had low arterial
oxygen tensions for three or four
days after operation. Early in this
series prolonged respiratory sup¬
port, often with tracheostomy, was

utilized to combat this arterial de-
saturation. It then became evident
that pulmonary shunting of exces¬

sive collateral flow was responsible
and was unresponsive to ventila¬
tory support. This degree of ar¬

terial desaturation appeared to be
well tolerated by patients accus-

tomed to cyanotic heart disease. As
a result tracheostomy has rarely
been undertaken in the latter half
of this series.

Late follow-up data (Tables III and
IV)
Twenty-four patients were well,
active and completely rehabilitated
six months to five years after total
intracardiac repair. None was cya¬
notic and all had marked reduc¬
tion in clubbing and acne; these
changes proved most important in
enabling them to adopt an entirely
different outlook on life. Most were

on no medications except prophy¬
lactic antibiotics during dental care

and intercurrent infections.
Six patients had no murmur

when reassessed. Two had Grade
II pansystolic murmurs over the
left sternal border at the 4th inter¬
space and the remainder Grade I
to II systolic ejection murmurs

over the right ventricular outflow
tract. Three had diastolic murmurs
thought to be due to pulmonary
insufficiency. None had evidence
of congestive cardiac failure. All
had complete right bundle branch
block. There was no instance of
permanent complete heart block.

Sixteen of the 24 long-term sur-

vivors (66%) consented to hemo¬

dynamic studies six months to five
years after intracardiac repair. Two
patients were found to have signifi¬
cant (2:1) left to right shunts at
the ventricular level due to leaks
about the septal defect patch. Two
have left to right shunts below
1.5:1 and the remainder have none.

Two patients have residual gra-
dients across the pulmonary valve
annulus of 40 to 50 mm. Hg. The
remainder have insignificant resid¬
ual gradients under 20 mm. Hg.
Nine demonstrated low cardiac in¬
dices and 12 had mild elevations of
right ventricular end-diastolic pres¬
sure. Five responded normally to
exercise.

Discussion
Total intracardiac repair of tetra¬
logy of Fallot entails a published
operative mortality of 7 to
30% 3, s, io, ii Most 0f the publish¬
ed series, however, have included
acyanotic as well as cyanotic pa¬
tients, and children as well as

adults.36'1012
We have presented our experi¬

ence with 27 adult cyanotic pa¬
tients with tetralogy of Fallot who
underwent total intracardiac re¬

pair. Our mortality of 11% com-

pares favorably with that of other
series, especially when one con¬

siders that more than 50% of these
adult cyanotic patients had hemo-
globins of over 20 g. per 100 ml.20
The mortality has been directly re¬
lated to hemorrhage, a result of the
extensive collateral blood flow.

It proved difficult to evaluate
precisely the effectiveness and dur-
ability of earlier palliative pro¬
cedures in most of these patients.
Lack of detailed follow-up studies,
development of collateral blood
flow, and anatomical variations in
the right ventricular outflow tract
were some of the important vari¬
ables.

Sixty-two per cent of the patients
operated on had a functioning
shunt procedure at the time of in¬
tracardiac repair. Despite this, cya¬
nosis and polycythemia had pro-
gressed after the age of 20 years,
especially in those who had under¬
gone bilateral palliative operations.
This deterioration may have been
due to the fixed size of the shunt
related to body growth or to pro¬
gressive hypertrophy in the right
ventricle increasing the degree of

TABLE IV
Catheterization data after total correction

of adult cyanotic tetralogy of Fallot
(from six months to five years later)

No. of
patients %

Total number of patients
studied 16 100

Significant residual left to
right shunt (2:1) 2 12

Small residual left to right
shunt (1.5:1) 2 12

Significant gradient across

pulmonary valve 2 12
Mild elevation of right

ventricular end diastolic
pressure 12 75

Low cardiac index 9 56

outflow obstruction. However,
most of our patients had a small-
sized left ventricle and small pul¬
monary arteries and annuli. Al¬
though shunt operations are an

efficient means of palliation for
these patients,21 our experience
contradicts previous statements
that shunting procedures prepare
the left ventricle for later correc¬
tion.22 On the other hand, our

follow-up data reveal that after
total repair the left ventricle is
capable of carrying efficiently the
workload of the heart. It is also
of interest to note that 81% of
these shunts had remained patent,
one of them after 21 years. With or

without a palliative shunt, all pa¬
tients over the age of 20 years had
developed a prolific collateral
blood flow to the lung.
The least symptomatic patients

in our series (2/3) were those with
localized infundibular stenosis,
an infundibular chamber and
large pulmonary arteries and an¬
nuli. Some had undergone a pre¬
vious shunting procedure but
probably reached adulthood pri-
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manly because of an attractive
anatomical situation. Our late re-
sults suggest that these ,patients are
the best candidates for total correc-
tion. They also make up the dom-
inant population in published
pediatric series.
The other one-third of our adult

cyanotic patients were those with
diffuse tubular hypertrophy which
extended to the level of the pul-
monary annulus. They tended to
have a higher incidence of previous
unilateral or bilateral palliative
procedures and more severe cyan-
osis and disability.
The operative repair has been fa-

cilitated by the large adult heart
and in the last 1½ years by anoxic
cardiac arrest, even though exten-
sive resection of secondary hyper-
trophy was necessary. This may
have been important in avoiding
heart block. Hemorrhage due to
extensive collateral blood flow to
the lungs can be a complicating
factor during and after operation.
The late results have been grati-

fying. Congestive heart failure and
complete heart block have not oc-
curred, despite the fact that resid-
ual shunts and residual outflow
gradients have occasionally been
demonstrated by the hemodynamic
studies. The majority of the out-
flow gradients have been markedly
reduced. Similarly the problems of
pulmonary valve insufficiency re-
lated to outflow tract patches have
been avoided.

Conclusions
The total correction of adult cya-
notic tetralogy of Fallot has always
represented a serious decision, but
this series would appear to demon-
strate that it can be carried out
with an acceptable low mortality
rate with excellent clinical results.
Adult tetralogies should be con-
sidered for assessment and surgery
whenever they demonstrate a sig-
nificant degree of deterioration.

R6sum6
R4fection ir&tracardiaque compk.te
de la t4tralogie de Fallot de forme
cyanotique chez l'adulte: expe'-
rier&ce clirtique et post-observation
Au cours des cinq demi.res ann.es,
nous avons proc6d6 chez 27 adul-
tes ?. la r6paration intracardiaque
totale de la t6tralogie de Fallot de
forme cyanotique .t l'H6pital G6-
n6ral de Toronto. Avant cette in-
tervention, au cours d'une p6riode
ant6rieure variant de cinq . 21
ans, 21 de ces 27 malades (77%)
avient d6j. subi une d6rivation. Au
moment de l'intervention d6finitive,
les anastomoses 6taient perm6ables
chez 17 de ces 21 malades (soit
dans 81% des cas). La mortalit6
hospitali.re a 6t6 de 11%: elle 6tait
g6n6ralement caus6e par l'h.mor-
ragie, complication fr6quente de la
t6tralogie de l'adulte et r6sultant
d'une circulation collat6rale exces-
sive. Les 21 survivants ont 6t6 sui-
vis pendant une p6riode variant de

six mois . cinq ans. L'am6lioration
clinique a 6t6 remarquable: dispa-
rition de la cyanose et dimunition
de l'acn6 et de l'hippocratisme.
Nous n'avons observ6 aucun cas de
bloc cardiaque permanent. Les der-
ni.res 6tudes de l'h6modynamique
ont r6v616 une d6rivation persis-
tante chez deux malades sur 16,
soit dans 12% des cas.
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